SUMMARY Left ventricular function was assessed by angiographic methods in 40 patients (ages 3-27) It is the purpose of this communication to report our observations regarding LV function derived from angiographic analysis obtained at cardiac catheterization of 40 patients who had previously undergone repair of TOF and to attempt to identify factors responsible for the LV dysfunction noted in some.
.! 1.5 and a right ventricular systolic pressure of < 60% of the left ventricular value. The other 20 patients (group B) had a Qp/Qs > 1. 5 and/or a right ventricular systolic pressure > 60% of the left ventricular value. Group A patients had a normal left ventricular end-ALTHOUGH REPAIR of tetralogy of Fallot (TOF) has become a well-established surgical procedure,' only limited information concerning postoperative left ventricular (LV) performance is available. Following successful repair, elevated left ventricular end-diastolic volume (LVEDV) and depressed ejection fraction (LVEF) were reported by Jarmakani et al.5 using angiographic analyses. However, Sunderland et al.0 demonstrated normal LV function postoperatively, based on measurements of systemic arterial systolic pressure, cardiac index, arteriovenous oxygen difference, and LVEF, among patients who had undergone repair under two years of age, none of whom had prior palliative procedures. LaCorte et al.7 also noted a normal LVEF using echocardiographic techniques among older patients following successful surgery.
It is the purpose of this communication to report our observations regarding LV function derived from angiographic analysis obtained at cardiac catheterization of 40 patients who had previously undergone repair of TOF and to attempt to identify factors responsible for the LV dysfunction noted in some.
Material and Methods
From January 1965 to June 1975, 102 patients underwent cardiac catheterization at the Children's Hospital Medical Center of Boston, one to 12 years following repair of TOF. Prior to 1973, postoperative cardiac catheterization at our institution was performed only when significant residual defects were suspected, but in the past four years, it has been recommended to all patients one year following repair of TOF. Angiographic analysis of left ventricular function was available in only 40 of these patients and these form the basis of this report. The ages at surgery ranged from 2-25 years (mean 9) and at the time of catheterization, from 3-27 years (mean 13). For the purpose of this study, TOF was considered to be an underdevelopment of the subpulmonary infundibulum with an underdeveloped parietal band (the crista supraventricularis) obstructing the right ventricular outflow and at the same time creating by its dissociation from the normal septal band, the ventricular septal defect.8 At the time of surgery, a right ventricular (RV) outflow patch was placed in 25, extending across the pulmonary valve anulus in 12 of these. Clinically, at the time of catheterization, a murmur of pulmonary regurgitation was audible in 33 patients and cardiac enlargement on chest X-ray was present in 35. Catheterization was performed under light sedation using Meperidine 25 mg, Phenergan 6.25 mg, Thorazine 6.25 mg/ml at 1 ml/30 lbs, the maximum dose being 2 ml. All patients underwent both right and left heart pressure and oxygen saturation measurements, including oxygen consumption determinations. Pulmonary and systemic blood flows were calculated using the Fick principle.
The patients were then divided into two groups according to the following hemodynamic findings: group A, (20 patients), with pulmonary-systemic flow ratios Qp/Qs < 1.5/1 and RV systolic pressure < 60% of the LV value ( Abbreviations: yr = years: 0p = operation; W = Waterston; B = Blalock; P Potts; PSA = pulmonary stenosis gradient; RV = right ventricle; LV = left ventricle; SI = systemic index (Fick); BSA = body surface area; EDV = end-diastolic volume; EF = ejection fraction; EDP = end-diastolic pressure; :4: 1 SD = 4 1 standard deviation.
Calculated value X 100 operatively (mean 2 Abbreviations: BSA = body surface area; Qp/Qs = pulmonary systemic flow ratio; RVp = right ventricular pressure; Aop = aortic prsssure; LV = left ventricle; EDV = end diastolic volume; EF = ejection frection; VSD = ventricular septal defect; S/P TOF = postoperative tetralogy of Fallot.
were noted to have increased while 'LVEF decreased significantly (table 3) .
Three group B patients have been restudied one year following successful closure of the residual ventricular septal defect (table 5) . In all three, there has been considerable improvement in left ventricular function in that LVEDV and LVM have decreased while LVEF has increased.
The comparison of LV function data between seven group B patients with a residual Qp/Qs . 2/1 and seven with unoperated VSD matched for Qp/Qs and body surface area, revealed the LVEDV, LVM, and LVEF to be significantly more abnormal in the postoperative TOF patients (table 4).
Discussion
Information concerning LV function following surgical repair of TOF is limited and conflicting. In a report concerning 24 patients (at least 13 of whom were . 4 14 following large systemic-pulmonary anastomoses in patients with unrepaired TOF. Similarly, among our five patients with such shunts, preoperative LVEDV and LVM were significantly elevated although LVEF was decreased in only one. However, following corrective surgery, these abnormalities tend to return to normal when the repair is satisfactory as was observed in two of these patients. They may remain abnormal if correction is unsatisfactory as evidenced by the substantial increases in both LVEDV and LVM with LVEF depression which occurred in the other three, all with a poor result. Since focal fibrosis, hypoplasia of the LV and diffuse fibrosis of the RV have been noted in patients with TOE by others,'5' 16 it is conceivable that the additional hemodynamic load of a large residual shunt may cause significant LV dysfunction. It is unlikely that the pulmonary regurgitation, which is frequently present postoperatively, can alone cause LV dysfunction, as normal LV function was noted in five who had such a murmur among the 17 patients reported by Sunderland and in 18 of the 20 patients in our series with a satisfactory repair. However, TOF is a considerably more complex lesion than a simple VSD, requires much more extensive surgery, and it is possible that the cumulative effects of a right ventriculotomy, with an outflow patch and pulmonary regurgitation, may in the presence of a large residual VSD significantly impair LV function more than a comparably-sized uncomplicated VSD. Graham and coworkers17 have demonstrated marked abnormalities in right ventricular end-diastolic volume and right ventricular ejection fraction in postoperative TOF patients. They have shown that these abnormalities of right ventricular function appear to be related to the presence of a noncontractile patch in the right ventricular outflow area. There is also some experimental evidence to suggest that right ventricular dysfunction can affect LV performance. Walsh and coworkers"8 have observed alterations in both right and left ventricular myosin following experimentally induced chronic pulmonary and tricuspid regurgitation in dogs.
In summary, our findings indicate that LV function, in terms of LVEDV, LVM, LVEF and systemic index, is normal following successful repair of TOF. A large residual VSD causes significant abnormalities of these parameters of LV function and we recommend surgical closure of the VSD with a Qp/Qs > 1.5/1.
